introduCtion
Enzymes present in soil environment are involved in many biochemical processes (Błońska 2011) . Among them there are dehydrogenases (oxidoreductases), which catalyze disconnection of hydrogen atom from a substrate in process of oxidation.
dehydrogenases (dHs) activity indicates the presence of physiologically active microorganisms (Kieliszewska-rokicka 2001). dHs are strongly associated with carbon cycles and soil organic matter (SOM) (Błońska et al. 2016) . activity of dHs has also linked with the activity of other soil's enzymes e.g., catalase and β-glucosidase and the presence of nitrogen (Brzezińska and Włodarczyk 2005) . DHs play a significant role in the biological oxidation processes in soil (Wolińska and Stępniewska 2012) .
dehydrogenases are very sensitive indicators of changes in soil analysis (Bastida et al. 2008 , Gajda et al. 2013 , Gałązka et al. 2017 . due to the fact that dHs are active only in living microbial cells, they are highly dependent on the number and structure of microbial communities in soil. it was shown that the activity of that group of enzymes was affected by physical and chemical parameters of the soil, such as: humidity, temperature and pH (Cirilli et Soil dehydrogenases have been widely studied and in relation to other soil parameters became considered as a good, sensitive and useful indicator of changes in soil quality (Salazar et al. 2011 ).
MatErialS and MEtHodS

Experimental site and soil samples collection
the studies conducted in the years 2014-2016 were based on the long-term field experiment at Experimental Station (ES) in Osiny (Lublin Voivodeship) located in Central-Eastern part of Poland (51°27′53″N 22°03′52″E). The ES belongs to the institute of Soil Science and Plant Cultivation, State research Institute (IUNG, PIB) in Puławy. Winter wheat (var. Jantarka) was grown in monoculture in two different farming systems: conventional farming system (CV) and ecological farming system (EC). the CV was based on the mouldboard plough (up to 20 cm) and traditional soil tillage equipment. the EC was based on soil crushing-loosening equipment a rigid-tine cultivator (up to 10 cm). No mineral fertilizers and plant protection chemicals were used. Weed control was based mainly on mechanical treat ments. Each farming system differs in crop rotation system and whole agrotechnics, which have been adapted to its specificity. Winter wheat was grown according to fertilization and weed control recommendations generally used in Poland.
Soil samples were collected from four soil depths (0-5 cm, 5-10 cm, 15-20 cm, 30-35 cm) at harvest time, and transported to the laboratory and sieved on a sieve 2 mm mesh. the samples were stored at 4°C until analysis.
Dehydrogenases activity
the measurement of dehydrogenases (dHs) activity was performed using Casida et al.'s (1964) method with modifications. This method is based on reduction of 2,3,4-triphenyltetrazolium chloride (ttC) to triphenyl formazan (tPF). From each soil 6 g of subsample (in triplicates) was mixed with CaCO 3 (60 mg). after that, 1 cm 3 of 3% (w/v) ttC and 2.5 cm 3 of distilled water were added. Next, samples were shaken and incubated in 37°C for 24 hours in the dark. For TPF extraction an ethyl alcohol was used (25 cm 3 ). Extracts were filtered and concentration of TPF was measured at 485 nm. DHs activity was expressed in milligrams of triphenyl formazan (tPF) per 100 g of soil within 24 hours.
rESultS Figures 1 and 2 show the effects of different farming systems on dHs activity measured in 2015 and 2016. in the year 2015, the measurements of dHs activity in soil under both EC and CV farming systems showed similar trends, but in 2016 major differences were reported ( Fig. 1, 2) . in 2015, the highest dHs activity was measured in soil under EC at the layer of 0-5 cm which amounted to 183.6 µg tPF g -1 d.w. soil 24h -1 ), while at the same layer in CV, the measurement was significantly (p≤0.05) lower and reached 144.0 µg tPF g -1 d.w. soil 24h -1 . also, in lower layers (5-10, 15-20 cm), higher activities of dHs were measured under EC than CV, but these differences were not statistically significant. However, in the layer of 30-34 cm depth, higher activity of dHs was noted in soil under CV 13.1 µg tPF g -1 d.w. soil 24h -1 than EC 7.2 µg tPF g -1 d.w. soil 24h -1 (Fig. 1 ). in 2016, trends in measurements of dHs activity were similar to the observed in 2015 (Fig. 2) (Fig. 1, 2) . Analysis of changes in DHs activity within two years showed insignificant changes in the top layer (0-5 cm) of soil under EC farming system (Fig. 3) . at the layer of 5-10 cm depth the significant (p≤0.05) decrease was noticed by about 51.5 µg tPF g -1 d.w. soil 24h -1 , on average. For the deeper soil layers of 15-20 and 30-35 cm depths, the dHs activity increased in time by 78.1 (significant at p≤0.05) and 1.9 (non significant at p≤0.05) µg TPF g -1 d.w. soil 24h -1 , respectively. the observed trends in dHs activity for soil under CV farming system appeared to be contrary to these under EC (Fig. 3) . in the soil layers of 0-5 and 5-10 cm depths the average DHs activity decreased significantly (p≤0.05) by 62.6 and 93.7 µg tPF g -1 d. w. soil 24h -1 in dHs activity was also observed in the 30-35 cm layer but this change in time was no significant. The least dynamic changes occurred in the lowest depth of the soil profile (30-35 cm) under both EC and CV farming systems (Fig. 3) . Marinari et al. (2006) . they showed that the soil under ecological farming system, and/or simplified tillage were characterized by a higher dHs activity than soil under farming systems based on conventional tillage. the study of Caporali et al. (2003) conducted in italy suggested that the ecological farming and tillage systems contribute to the maintenance of biodiversity. Similar study conducted in 2006 and 2007 in Rogów and Grabów (Poland) on long-term experimental fields also showed the highest DHs activity in soil under reduced tillage (Gajda 2008 ). Higher dHs activity in the soil under barley in direct sowing compared to plough cultivation was also showed in studies of Majchrzak et al. (2014) . However, the authors conclude that the farming system has a significant effect on the dHs activity in soil only before sowing and at the tillering phase. Pociejowska et al. (2013) also reported that the use of direct sowing increases the enzymatic activity of the soil. research conducted on agricultural soils in the Lublin Voivodeship by Wolińska et al. (2015) showed that in arable soils the dHs activity was lower than in control soils -uncultivated.
Many studies have shown the decrease of the dHs activity with increasing depth in the soil profile, e.g. Gajda 2. the highest activity of dehydrogenases has been recorded at the soil layer of 0-5 cm depth in both farming systems with growing trend noted.
3. in both farming systems studied the activity of dehydrogenases decreased with an increasing depth in the soil profile.
4. during the year, the activity of dehydrogenases in the surface layers of the soil has increased in both cultivation systems.
5. at the soil layer of 30-35 cm the higher dehydrogenases activity showed soil under conventional farming system (CV) as compared with ecological (EC). 
